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0. Abstract 
"A picture is wortti a thousand words". This old saying best 
explains the effectiveness of computer graphics. Moreover, the more 
realistic the images we can perceive, the more effective computer 
graphics can be of use to us. To make graphics display realistic, three 
dimensional stereo display is an important development. However, to 
display a three dimensional object in a two dimensional display 
system is problematic both in display bandwidth and computation 
requirements. This paper summarizes the cues that we can use in 
depth perception. Besides, it describes four distinct techniques that 
can be used to produce stereo images. Among which, stereoscopic 
display ： system seems to be the more promising method in the 
foreseeable future. Besides, in this paper，a method is designed to 
deliver the stereo pairs to the left and the right eyes respectively. In 
order to filter the unwanted images, the lights that carry the images are 
orthogonal polarized with respect to each other. The polarization of 
one view is done by reflection. Since the images are formed by the 
reflection of plane mirror only, the shape of the object will not be 
deformed. It is very easy to adjust the apparent position of the left and 
the right eye images. The set-up demonstrates that a cost-effective 
stereo display system can be assembled. Lastly, the paper 
summarizes the requirements of a stereo display system. 
3 
1. Introduction 
Nowadays, the reproduction and manipulation of the real-time 
three-dimensional stereo images are an important and growing area in 
computer graphics. As the speed and resolution of the display unit 
have been improved, a much more realistic image can be produced in 
a reasonable amount of time. The reproduction of a stereo image 
becomes more ergonomics. 
In our daily life, the human mind does always convert written 
information into graphic displays. Upon reading some information 
about the appearance of a person, we may conjure a picture in our 
mind. Moreover, when encountered a picture, we can conjure a sense 
of depth of the different objects on the picture. Thus, stereoscopic 
displays can not only eliminate such processes in the mind, but it can 
also provide an image with better appearance of depth, making three 
dimensional relationships more understandable and give more 
immediate information. 
1 • 1 Stereoscopic Applications 
In various areas of scientific development, three dimensional 
stereo images can be of significant use. Stereoscopic displays can 
provide outstanding realistic images which has usefulness for almost 
all application that needs to represent three dimensional data. 
At present, in the field of medicine, many new techniques such 
as computer tomography and magnetic resonance imaging are used to 
provide many efficient and accurate digital data. If such data can be 
transformed into stereo image, much help can be given to doctors in 
the diagnosis of illnesses. 
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Besides, in plastic surgery, the planning procedure is complex 
because the surgeon needs to stretch and reshape the patient's skin to 
replace missing tissue while minimizing the distortion of the 
surrounding tissues [11]. The surgeon will be relieved of much burden 
if such model can be displayed and manipulated in a true three 
dimensional display system. 
Moreover, in the field of architecture, an 3-dimensional stereo 
image is also very helpful in architectural drawing. Instead of relying 
on data and 2-dimensional graphic drawing, 3-dimensiorial stereo 
image can help the architect to visualise what was only data, making 
architectural drawing more accurate and efficient. 
Furthermore, stereoscopic displays are exceptionally valuable in 
the display of wireframe models. Complex wireframe models are very 
difficult to read in an ordinary two dimensional display. An stereo 
image help the observer to perceive the spatial relationship between 
the wires almost instantly, reducing the brain's workload to an even 
greater extent. 
Also, some stereo display systems (head-mounted display 
systems) can place the observer in the model's virtual world. This 
method allows the observer to have a clearer understanding of the 
complex spatial relationship of the model world and have a more 
accurate judgement about the model. It also allows the observer to 
directly manipulate the virtual object that is within the virtual world 
by some special input devices. As a result, the observer can build the 
virtual world from within the virtual world.[12] 
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1.2 How to perceive 3-D image 
Since a long time ago, the perception of depth is presented by 
depth cues on a two dimensional medium. There are different kinds of 
cues which can help to bring about the image of depth. Usually, we 
classify the depth cues into monocular and binocular cues. All 
binocular cues are physiological depth cues. In monocular cues, only 
’focus accommodation' is physiological cue and all the others are 
psychological cues. 
1.2.1 Monocular Cues 
The monocular cues are the sensation of depth that we can 
derive with only one eye. Hence, only a two dimensional display is 
needed. One of the monocular cues is perspective projection. 
Perspective projections show an object that recedes with distance, so 
that the back side of a cube appears smaller than the front side. Hence, 
a sense of distance and thus depth are shown. Usually, the perspective 
projection can be constructed with respect to one, two or three 
viewpoints. The shape of the object is also deformed. 
Moreover, such depth cues as highlights, shadowing and texture 
gradients can be rendered by ray- tracing. Ray tracing is a method 
"using the laws of geometrical optics to determine the nature of the 
light reaching the eye from all points in a picture and thus produce a 
very accurate and realistic rendition of the scene." [6]. With this 
method, the perception of space can be enhanced. 
The next monocular cue is movement parallax (head-movement 
parallax). When the observer moves his head from side to side, 
perhaps to try to see more of a partially hidden object, the view 
changes as it would in real life. Objects at different distance relative 
6 
depths appear to move with respect to each other. We call this effect 
movement parallax. 
Besides these, atmospheric attenuation is also a monocular cue. 
It refers to the inability of our eyes to resolve fine details in distant 
objects. Distant objects such as mountains or buildings seem faded in 
comparison to nearby objects. If we can simulate this effect in the 
display, the perception of depth can be produced. 
Also, focusing accommodation is the muscular tension needed 
to adjust the focal length of the crystalline lens in the eye in order to 
focus on an object in space, i.e. to focus at objects at different 
distance, different tension in the focusing muscles of the eyes is 
required. With the above depth cues, the perception of space and 
depth is enhanced, 
1.2.2 Binocular cues 
On the other hand, binocular cues require both of our eyes to 
derive the sensation of depth. Binocular cues includes convergence 
and stereopsis disparity. 
First, convergence refers to the muscular tension for rotating 
each eye and the angle between the 2 viewing axes is referred to as 
the convergence angle. When the eyes focus on a near object, the 
angle would be bigger, while for a distant object, the angle smaller. 
Such difference in angles between near and distant objects thus 
produces depth perception. 
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Stereopsis disparity is another binocular cue. In ordinary 
viewing, an individual's eyes look at an object from a slightly different 
angle 6° at a viewing distance of 0.6 m. Therefore, there is a 
slight difference between the images received by the left and right 
eyes. When our brain receives the images, it would fuse them into 
one, and the difference between these two images is used to produce 
depth perception. 
Based on these perception cues, new display technologies have 
emerged in which depth perception has been improved greatly. Such 
displays are often referred to as true 3-D display. 
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2 Background 
2.1 True 3-D Display 
A variety of techniques have been devised for achieving the 
output of three-dimensional stereo images and some of them have 
been incorporated in commercial products. There are four different 
types of true 3-D display techniques which can produce satisfactory 
images. They are the stereoscopic display system, head-mounted 
display, varifocal mirror and holographic display system. Among 
these systems, varifocal display and holographic system are 
autostereoscopic, i.e. there is no need for the observer to wear any 
special viewing devices and he is free to change his position to see the 
image from a different viewpoint 
2.1.1 Stereoscopic Systems 
In a stereoscopic system, two different perspective views are 
presented to each eye of the observer. A virtual three dimensional 
image is thus fused in the brain of the observer. The two views 
presented to both eye should be manipulated separately so that they 
show binocular disparity. Besides, the horizontal separation between 
these two views should provide correct convergence angle for the two 
eyes. Normally, the convergence angle should be around 6° when the 
image is located at 0.6m away from the observer. 
Lots of viewing mechanism can be used to deliver the proper 
views to each eye. We usually classify them into two types: time-
parallel systems and the time-multiplexed systems. Time-parallel 
systems display the stereo pair simultaneously on two screens or in 
two separate windows on the same screen. Time-multiplexed systems 
display the stereo pair in the same screen alternately. In the former 
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case, some optical instruments are required to form the left- and right-
eye views in the proper position. In the latter case, a method is 
required to block the left-eye view from entering the right eye and 
vice versa. 
One stereoscopic implementation is using colour encoding for 
the two images. The view for one eye is shown in red and the view for 
the other is shown in blue. The observer wears glasses with one red 
and one blue to decode the image. However, this method often causes 
eye strain and fatigue. Besides, we cannot use full range of colours to 
generate the image. 
The other approach is using polarizing light to encode and 
decode the views for the two eyes. It produces a much better result 
because full range of colours can be used. However, it is difficult to 
design an efficient optical path for the images because polarizers 
always reduce the intensity of the images. 
Iti 1987, Tektronix uses a field-sequential approach to present 
the left and right-eye view in sequence on a single field [3]. The 
stereoscopic pair display rapidly on a monitor alternately. A liquid 
crystal shutter is placed in front of the monitor. We can alternate flie 
shutter's polarization axis periodically by applying a suitable voltage 
across it. The display of the images is synchronized with the change 
in polarization axis. Hence, the left-eye view is carried left circular 
polarization light and the right-eye view is carried by right circular 
polarization light. The observer can wear a pair of special polarized 
glass to decode the stereoscopic image. 
One drawback for this system is that the large crystal shutter is 
very expensive. Besides, the synchronization of the images requires 
special hardware set-up. 
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2.1.2 Head-Mounted Display 
A head-mounted display consists of two small display devices, 
a tracking system, a hand-held wand and a real-time display system. 
The display devices deliver the left- and right-eye images to each eye 
respectively. The observer's eye are blocked from the outside world. 
He can only perceive the real-time images (3-D virtual world) that are 
generated by the system. 
The tracking system is used to locate the position and 
orientation of the observer. The movement of the observer's head can 
be detected by the tracking system. Therefore, head-movement 
parallax can be simulated by the display system. Periodically, the real-
time graphic display system updates the left- and right-eye views. This 
gives the user an illusion that he is in the virtual world. The hand-held 
wand is a three dimensional input device which allows the user to 
manipulate the virtual objects in the virtual world. 
The overall performance of a head-mounted display can be 
adversely affected by the resolution of the display, accuracy of the 
tracking system, range of the tracking system, and the time lag in 
detecting the position of the head. 
There is another type of head-mounted display system, called 
the see-through head-mounted display system [12]. With this system, 
the user can perceive a scene where physical objects and computer 
generated images coexist In order to generate the left and right eyes 
views correctly, the position and orientation of the head with respect 
to the real world are very important. However, there are lots of 
difficulties in improving the performance of a see-through head-
mounted displays systems. First, a higher resolution in the tracking 
system is required to improve the resolution of the display system. 
Besides, the time required to combine the computer generated images 
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and the physical objects should be as short as possible so that the 
observer will not feel uncomfortable in perceiving the scene. 
2.1.3 Varifocal-mirror Display 
VIBRATING 
CIRCULAR MIRROR 
� f 门 
~ ~ — ； CRT 
THREE DIMENSIONAL \ 
VIRTUAL IMAGE 
SPACE J ^ 
‘ OBSERVER 
Figure 1, Varifocal mirror 
Fig. 1 shows the set-up of a varifocal mirror. The circular 
mirror is made of some flexible materials and its focal length can be 
changed when it is vibrated. The image displayed on the CRT would 
be reflected by the mirror and a virtual image would be formed at 
different locations. Hence, if the generation of the cross-section of an 
object is synchronized with the rate of changing focal length, a three 
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dimensional virtual image would be observed. However, the images 
reflected by the circular mirror are deformed. So, in order to display 
an object with the desired shape, the cross-section of the object should 
be transformed before it is displayed on the screen. 
In this system, different parts of the images are actually located 
at different distance from the observer. As a result, the images provide 
depth cues such as binocular disparity, focus accommodation and 
movement parallax. Besides, the observer is not required to wear 
some special equipment to perceive the images. 
However, the main drawback of this system is that the images 
are transparent. This is because when the mirror reflects different 
cross-section of the three dimension object, the cross-section of the 
object in the foreground will not block those on the background, 
making the images quite confusing. As a result, only simple images 
can be clearly displayed by the varifocal mirror. 
2.1.4 Holographic Systems 
Holography is a method to record both the amplitude and phase 
of an incident light ray to the observer. In the recording of the 
hologram, we can superimposes on the object wave with the reference 
wave and the resulting interference pattern is recorded. To view the 
image，we can illuminate the hologram with another wave. Because of 
this, the image produced has a three dimensional form. Thus, as with 
the image, one can change his position and view a different 
perspective of the image or one can focus at different distance. 
Holographic stereogram uses a hologram for recording multiple 
stereo pairs. In order to reduce the cost, stereograms are usually 
produced with vertical strips. The sequence of perspective views for a 
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series of eye points can be generated by computer or recorded by 
camera. Such views are then fringed on a high resolution film. When 
such a stereogram is viewed, a three dimensional image emerges due 
to stereopsis, because each eye has a different perspective view. 
‘ ‘ — ^ ‘ 1 
object object wave hologram 慮 
coherent light source 
mirror 
reference wave 
Fig. 2 Recording of a hologram 
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This technique is very useful in producing still three-
dimensional images. However, as the calculation of the perspective 
views is very complex and the time required to record the stereogram 
on the photographic film is rather long, the generation of interactive 
three dimensional images is very difficult. 
2.2 Generation of real-time Stereoscopic Views 
In order to produce a stereo image, we have to project stereo 
pair on the plane of projection. Let e be the distance between the left 
and right eyes and d be the distance between the eyes and the plane of 
projection. 
^ R d � P l a n e of projection 
Figure 4. Projection of the Image w,r.t the eyes 
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As show in Figure 4，the equation of the plane of projection is 
x = 0，the position of the left-eye EL is (-d，e/2, 0) and the position of 
the right eye ER is (-d, -e/2, 0). 
Let F(x丨，y，z,) be the coordinates of the left-eye view that 
display on the plane of projection. By using simple geometry, we can 
find that, 
x' = 0, 
y* = (y - e/2)/(l + (x/d)) + e/2 
Zf = z/(l + (x/d)) 
Let P"(x"，y"，z") be the coordinates of the right-eye view that 
display on the plane of projection. Similarly, 
x" = 0， 
yH = (y + e/2)/(l + (x/d)) - e/2 
z" = z/(l + (x/d)) 
By comparing the difference between P，(x，，y'，z') and P"(x"，y", 
z")，we can note that x' = x" and z, = z". This result is not surprising 
because the left and right eyes lie on the y-axis. Therefore, the 
perspective views with respect to the left eye and the right eye should 
have no difference in z. This is an important insight for us to reduce 
the time in generating the stereo pairs [7]. 
The set of transformation that ultimately creates the left and 
right eyes views on a display consists of several kinds of coordinate 
transformations. An object is displayed only at the end of the 
















^ coordinates ^ 
Fig. 5 Transformation of Stereoscopic Views 
In order to generate the left and right-eye views, we first define 
the graphics data in the modeling coordinate system. Each object is 
defined in its own coordinate system. 
Once we have defined the object, we can transform it to a 
desired position and orientation. The transformation may include 
rotation, translation, scaling, etc. It is called the composite modeling 
transformation and it also describes the spatial relationships between 
the different model coordinate systems. 
After the transformation, the object is expressed in the world 
coordinate system. Then the object is transformed into flie left and 
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right-eye view reference coordinate. The transformations are two 
separate perspective projections with respect to the position of the left 
eye and the right eye. Since there is a small separation between the 
two eyes, the two perspective views show binocular disparity. In this 
stage，we can eliminate all the hidden surfaces and lines from the 
perspective views. Moreover, we can use advanced rendering 
algorithms such as ray tracing to improve the realism of the image. 
After the transformation to the two view reference coordinates, 
they would be scaled and translated to the device coordinates. The 
device coordinate system represents the image of a three-dimensional 
model oil the two-dimensional display surface of the CRT. 
Suppose we want to display the stereo pairs of a facet solid with 
n vertices. Let [M] be a n by 4 matrix and is used to store the 
coordinates of the vertices. M i l? Mi2, and Mj3 represent the x, y, and z 
coordinates of the /th vertex. Mi4 is always equal to unity for all i. 
In order to transform [M] into world coordinate [M'], we can 
multiple [M] by a 4 by 4 transformation matrix [T], where 
[M'] = [M] [T] 
For a real-time display, [T] would be a function of time, that is, 
[T] = [T(t)] 
For example, if we want to rotate the facet about the x-axis with 
angular velocity ¢0, then 
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"l 0 0 0 ‘ 
[T(t)] = 0 coscot sincot 0 
0 -sincot coscot 0 
_0 0 0 1 _ — 
If we want to move the facet in the y direction with velocity v, then 
"1 0 0 0 " 
[T � ] = 0 1 0 0 
0 0 1 0 
_0 -vt 0 1 . 
Several real-time transformation matrix can be multiplied 
together to form the composite modeling transformation matrix, then 
[T(t)] = [A �][T2(t)]…[Tn(t)J 
After the facet is transformed into the world coordinates, it can 
be projected to the left and right eye views reference coordinates 
respectively. Let [M'L] and [M'R] be the left and eye view reference 
coordinates respectively, 
[ M , l ] = [M，] [TL ]，and 
[M'R] = [M'] [TR] 
where [TL] and [TR] are the left and right eye perspective 
transformation matrix. 
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The following algorithm can be used to generate [TL]. 
(1) translate the coordinates such that the left eye lies on the x-axis. 
(2) perform the perspective projection with respect to the x = 0 
plane. 
(3) reverse the transformation in (1). 
Therefore, 
: 1 0 0 0"[厂0 0 0 l/d"| 厂 1 0 0 0 “ 
[ T L ] = 0 1 0 0 0 1 0 0 0 1 0 0 
0 0 1 0 0 0 1 0 0 0 1 0 
- 0 e/2 0 1J LO 0 0 1 J L0 -e/2 0 1 . 
“ 0 -e/2d 0 1/d" 
0 1 0 0 
0 0 1 0 
_ 0 0 0 1 „ 
[Tr] can be obtained be a similar algorithm. 
Therefore, a stereo pair can be generated by transforming [M'] 
with [T l] and [TR] and display them on the specific zone on the 
screen. 
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3. A Stereoscopic System 
3.1 Design Considerations 
The basic requirement for a stereoscopic system is to produce 
and deliver the perspective views of a three dimensional object to the 
eyes of the observer. The left-eye should be avoided to receive the 
right-eye view and vice versa. Otherwise, double vision would occur. 
The left- and right-eye images should have the same apparent depth 
away from the observer. 
In order to facilitate the brain to fuse the stereo pairs to form a 
three dimensional image, we have to follow some critical factors in 
generating the images. Firstly, both images should have the same 
brightness and correct illumination level. Secondly, for interactive 
stereo images, both images should be displayed and updated on the 
screen simultaneously. Thirdly, there should be no vertical 
misalignment between the images. Moreover, the separation between 
the images should provide a suitable convergence angle to the 
observer. 
When the observer receives the views which slightly violate 
one or more of the above factors, he still can fuse the views and form 
a stereo image in the brain. However, both his eyes and brain will be 
fatigue and uncomfortable in a short time after he begins to perceive 
the images. Furthermore, the stereo effect will be greatly reduced. 
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3.2 The Set-up 
In order to display the left and right-eye views in the same 
location, we must use some measures to redirect the light to the desire 
eye. Figure 6 shows a design which can achieve our goal. 
* ； y 
小 
CRT 
left-eye view right-eye vie v z © ^ x 
polanzer ^ > first surface mirrors 
丨 
. \L ¢-0 吨 ― E^： — ^ > ¢ - 0 lefteye / / \ 
first surface mirror Beam splitter t . 
polarizers 
Figure 6 The layout of the stereoscope 
The left and right-eye views are generated on the left-half and 
the right-half of the screen respectively. 
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A totally unpolarized light ray can be considered as to consist 
of two incoherent plane polarized light rays. One is perpendicular to 
the incident plane (E{) and the other is parallel to the incident plane 
(E2). Before reflection, their amplitude is the same. 
unpolarized partially polarized 
incident ray I reflected ray 
/ / / / / V / / / / / / / 
[0 \ refracted ray 
I V 
Figure 7 The reflection of an unpolarizered light 
The reflectance for is greater than that for E2. When the 
unpolarized light ray is reflected by a plane mirror, the amplitude for 
E'x is greater than that for E’2 • As a result, the reflected ray is partially 
polarized. 
According to [8]， 
-sin(0i-e t) 
E ' i = I e J , and 
sin(9i + 9t) 
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tan(9i - 6t) 
e'2 =- — IE2 | 
tan(Bi + 0t) 
where 6i is the angle of incidence and Gt is the angle of 
refraction. 
Let the intensity ratio between these two reflected rays be p. 
Then 
P = (^ 2 /E\ ) 2 
Since IE! | = | e 2 | , hence 
cos2(%+et) 
, P = — 
cos^Oi - e t) (1) 
For 0i = 45° and assume that the refractive index is 1.5, we 
could find that 0尸 28.10. Substitute these values into (1)，we find that, 
p = 0.1 
From fig. 6，we can note that the ray that carries the right-eye 
view is reflected 5 times before it reaches the eye of the observer. The 
intensity ratio between the polarized ray in the x-z plane and the 
polarized ray in the x-y plane is p5 which is almost zero. Therefore, 
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the light ray that carries the right-eye view are almost polarized in the 
x-z plane. 
On the other hand, we place an polarizer on the left-hand-side 
of the screen. Its polarization axis is in the x-z direction. Therefore, 
the ray that carries the left-eye view is polarized on the x-y plane 
before it is reflected by tbe mirror. After the ray is reflected by the 
mirror，it is still polarized. However, its polarization plane is changed 
to the x-y plane. 
We can note that the rays that carry the left and the right eye 
views are orthogonal to each other, one is in the x-z plane and the 
other is in the x-y plane. To deliver the correct view to the left and 
right eyes respectively, we can wear a pair of polarizers in front of our 
eyes. The axis of the polarizers should be peipendieular to each other 
in order to filter the unwanted light ray. 
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4 . Results 
We had constructed a model to test the performance of the 
design. The stereo pairs generated on the CRT can be channeled to 
each eye respectively. There is almost 110 difficulty for us to fuse the 
views and perceive the depth. 
The picture below shows the set-up of the display system. 
I H I 




In order to improve the perception of the image, several 
measures should be taken into consideration. Firstly, both views 
should have more or less the same illumination before they reach the 
eyes. In our design, the right-eye view is always brighter than the left 
eye view. This is because the reflectance at the beam-splitter is small 
when compared with that at the mirror. In order to compensate the 
difference, we can add another polarizer in front of the left hand side 
of the CRT. The angle between the polarizer's polarization axis 6 can 
be adjusted. According to the Mains’ Law, the intensity of the 
polarized ray passing through the two polarizers is proportional to the 
square of cosine 0. Hence, the intensity of the right eye view can be 
controlled. 
Secondly, the depth of the images should be equal. The 
separation of the mirrors should be carefully chosen in order to fulfil 
this requirement. With respect to figure 8，let b be the distance 
between the two L-shape mirrors, c be the distance between the CRT 
and the mirror M and a be the distance between the beam-splitter and 
the mirror M. The left eye image is (a + c) behind S and the right eye 
image is (c + 2b) behind S. In order to form the images in ttie same 
location, we should choose a = 2b. That is, the separation between the 
two L-shape mirrors should be half that between the beam-splitter and 
the mirror M. 
Thirdly, the images should align vertically and have the same 
width correspondence. In order to achieve this criterion, all mirrors 
should be held vertically/Since the images are generated in the same 
CRT, there would be no difficulty in maintaining the vertical 
alignment of the source images. 
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Fourthly, the separation between the images should be carefully 
calculated in order to provide a suitable convergence angle. 
I a+5 —1 CRT 
T I Hbd 
images c A - - Y n g h t eye 丨 
� a ~ g I left eye 
Figure 8. Geometric considerations in our design 
Let g be the distance between the observer and the beam-splitter 
S ， e be the separation between the observer's left and right eyes, and 
a - 8 be the separation between the left-and right-eye views on the 
screen. 
From the diagram above, we can find that 
(e/2) - (8/2) 
a = tan -1 
(a + c + g) 
and the convergence angle is 2 a. 
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In our set-up, a + c = 0.5 m. The separation between the eyes is 
normally 0.06m. Assume that g = 0.1m. When 8 = 0, we can find that 
the convergence angle is about 6° which is the optimum angle for the 
brain to fuse the views. When S is greater than zero, the^ convergence 
angle would be decreased. This will give a cue to the observer that the 
image is far away from him. However, when 8 is less than zero, the 
convergence angle would be increased. This will give a cue to the 
observer that the image is approaching him. 
Lastly, external lights should be avoided to enter the whole set-
up. Otherwise, many unwanted images will affect the observer to 
perceive the correct views. 
5.1 Advantages of the set-up 
There are a lot of advantages in our design. Firstly, the set-up is 
very flexible and is ready to fit in any type of conventional graphic 
display system. Only small adjustment in the distance between the 
mirrors is required to reflect the left- and right-eye views to the proper 
position. All the existing software and hardware which are used to 
generate graphical images can be easily modified to generate the 
stereo pairs. The quality of the images depends mainly on the quality 
of the screen. Indeed, CRT is the only relatively inexpensive display 
technology at present that can provide large, high contrast full colour 
images [2]. 
Besides，the polarized glasses are light in weight It can be used 
for ordinary viewing so the observer can look away from the display 
without feeling uncomfortable. Full colour can be used in generating 
the views. Furthermore, several observers can observe the images at 
the same time. 
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Moreover, the system is easy to construct and is very cost 
effective when compared with the others. Only one screen, several 
mirrors and polarizers are needed to build the system. Also, there is no 
synchronization problem in generating the stereo pairs on the same 
screen. 
Also, the image reflected by the plane mirrors will not be 
deformed. Therefore, no additional transformation is required before 
we display the images. As a result, the time required to transform the 
left and right eye perspective views becomes shorter. 
5.2 Disadvantages of the set-up 
Firstly, the size of the whole set-up is large when compared 
with the one that use liquid crystal shutter. Its size cannot be easily 
reduced since the separation between the mirrors is a critical factor in 
producing the images. 
Secondly, the right-eye view is reflected several times before it 
entering the eye. In order to reduce the loss of energy, the reflectance 
and the quality of the mirror should be controlled. 
Thirdly, the viewing zone is effectively half the area of the 
screen. The resolution of the display system is thus reduced to half. 
Besides, it is difficult for us to simulate the head movement parallax. 
The exact position and orientation of the observer's head is required in 
order to compute the left- and right-eye views. Special hardware set-
up is required to measure this data. 
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6. Conclusion 
To popularize the use of the stereo display systems, we need to 
improve the quality of the three dimensional display systems. There 
are several important features which should be included. They are, 
(1) autostereoscopy, 
(2) focus accommodation, 
(3) movement parallax, 
(4) interactive capability, 
(5) real-time display, 
(6) wide field of view, 
(7) large viewing zone, and 
(8) efficient user interfaces. 
There are a lot of factors that will affect the development of 
three dimensional display systems. Firstly, ttie development in the 
architecture of special-purpose display systems will increase the speed 
to handle the different stages in flie image transformation. All the 
transformations that are described in figure 3 can be handled by 
special graphics processor and are pipelined [13]. Most of the 
algorithms for modeling real-world objects can be implemented in 
hardware. It enables a more realistic geometry to be processed in real-
time. 
Secondly, the development in the rendering techniques can 
improve the efficiency in producing the stereo pairs [7], As there are a 
lot of similarities between the left- and the right-eye views, much 
computation effort can be saved during generating the images. 
Moreover, many new techniques are under research for creating a 
rendered view into a three dimension scene, interactively based on the 
locations and orientations of the observer's head and the display 
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surface [9]. Nowadays, full interaction with the parameters that 
affects the images is still not allowed due to the computation speed of 
the computer and the bandwidth in displaying the images. 
Thirdly, the development in the resolution and size of the screen 
can help to popularize the stereo display systems. The more realism 
that the image can bring, tiie more people would make use of it. 
The development in the stereo display systems is hard to predict 
at this stage. Most of the techniques described in section 2.1 are still 
too immature to be popularized. No matter how the trends will be, the 
stereo display systems should become more convenient, more cost-
effective in the future. Since the use of CRT in displaying images is 
still the mo^t cost-effective method in producing graphic images, 
stereoscopic display systems and the head-mounted display systems 
seem to be the most promising solutions. 
In conclusion, three dimensional images is a fast developing 
computer technology and it is conceivable that the technology will 
enjoy greater role in the future. 
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